ABSTRACT: Effects of 8 heavy metals (Ag, Cd, Cr, Cu, Hg, Ni, Pb and Zn) on the total chlorophyll, foliar proline, and protein and starch contents of Eichhornia crassipes was investigated. Plantlets were grown in quarterstrength Hoagland's solution and supplemented with 0, 0.1, 0.3, 0.5, 1.0, 3.0 and 5.0 mM of each of the metals for 3 weeks. There was a significant reduction (p≤0.05) in total chlorophyll, protein and starch contents, while foliar proline increased significantly. These effects were however dependent on the nature of the metal, its concentration and duration of exposure. @JASEM.
Among the variety of substances entering the soil, inland waters and the ocean as waste products, heavy metals especially create long term problems. Not only do they accumulate in organisms, and thus circulate in food chain, they also remain in the ecosystem in dangerous concentration for longer period in sediments (Ma et al., 1997) . Toxic levels of some heavy metals appear as a result of environmental pollution due to the removal technology of mining, heavy vehicular traffic, smelting, manufacturing, and agricultural wastes in natural and agricultural areas (Oncel et al., 2000) . The toxicity of these heavy metals to plants varies with individual metal and concentrations. Induction of leaf chlorosis and reduction of biomass production have been observed on crops grown in soils contaminated with moderate levels of heavy metals (Clijsters et al., 1999) . The increasing levels of heavy metals in the environment, their entry into the food chain, and the overall health effects are of major concern to researchers in the field of environmental biology. To this end, recent years have witnessed a flurry of research activities (in advanced nations) concerning pollution caused by trace elements. Despite this positive development, the effects of trace elements on plants are poorly understood in Nigeria as only limited data exist and they are not readily available. In view of the scanty reports regarding the effects of trace elements on aquatic flora found in Nigerian waters, this work reports the effects of 8 heavy metals on the proximate composition of Eichhornia crassipes, in other to contribute to the existing knowledge regarding this subject in Nigeria.
MATERIALS AND METHODS
Eichhornia crassipes were collected from Oba dam, University of Ibadan, Ibadan, Oyo State. Plants were washed thoroughly under a running tap water and were grown and propagated for 4 weeks in quarterstrength Hoagland's solution (Hoagland and Arnon, 1938) (Zn) . Nutrient solution devoid of any of these trace elements served as control. Both the control and the treated solutions were maintained at pH 5.5 using dilute HCl or NaOH. Experimental plants (in triplicates) were placed in nutrient solution (1 litre) supplemented with one of the trace elements under investigation and was replicated three times. Solutions were replenished every 5 days to prevent depletion of metals and nutrients. The experimental set up was maintained for 21 days in a screenhouse, nursery section of the Department of Botany and Microbiology, University of Ibadan.
Harvested plants were washed in running tap water and rinsed with deionized water.
Extraction and estimation of chlorophyll was done using the method of Maclachlam and Zalik (1963) as described by Singh and Rao (1981) . Fresh leaves (3.0g) from each of the replicates representing each treatment were separately ground in mortar containing small amount of sodium trioxocarbonate iv (Na 2 CO 3 ) in order to keep the chlorophyll structure intact. Extracts were made with 25ml 80% acetone and filtered through labsman no.1 filter paper. Extracts were centrifuged at 15000g for 20 minutes using IEC model k-centrifuge. Extracts devoid of residue were used for spectrometer readings. Carbohydrate was determined according to method by Hansen and Moller (1975) with slight modifications. Ground dry leaves (2g) were separately dissolved in 30ml 80% ethanol at 85 0 for 5 minutes to extract free carbohydrate. Filtration was done using labsman no.1 filter paper. The filtrate was kept in a refrigerator, while the residue was refluxed for 5 minutes with 30ml 0.1M HCl. After cooling, it was neutralized with NaOH. The solution was mixed with the stored filtrate. A volume of 15ml 0.3M. Ba(OH) 2 and 15ml ZnSO 4 .7H 2 O were added to the solution to precipitate protein contained in the sample. It was centrifuged at 10000g for 10minutes. The supernatant was transferred into 100ml test tube using Pasteur pipette, and was made up to mark with distilled water. The solution (2ml) was transferred into a test tube and 4ml anthrone-H 2 SO 4 reagent (0.2g anthrone + 100ml conc. H 2 SO 4 ) was added. The mixture was allowed to boil in a water bath for 10 minutes.
The mixture was cooled to room temperature, and absorbance read at 620nm using corning 258 spectrophotometer.
A mixture of distilled water and anthrone reagent served as blank. The glucose content was determined from a standard curve, and the amount of starch was calculated by multiplying its glucose content by 0.9 (Nakano et al., 2000) . Dried ground leaves (0.5g) were used for the proline extraction and its determination. This was carried out according to the method described by Bates et al., (1973) . The amount of protein was determined using the modified Kjedahl method for the estimation of total organic nitrogen in the dried plant samples as described by Eastin (1978) . The nitrogen value in the sample was multiplied by 6.25, to obtain the amount of protein (Ramalho et al., 2000) .
Statistical analyses: Data analyses were performed using SAS version 6.0 for personal computers (SAS Institute, 1989) . For mean separations, Duncan's multiple range test (DMRT) values were used at P≤0.05.
RESULTS AND DISCUSSION
The mean chlorophyll content in leaves of control E. crassipes was 25.73±0.02 mg g -1 fresh weight. A slight increase in chlorophyll level was observed when E. crassipes was exposed to 0.1mM of these metals. With the exception of Zn, 0.3mM of the metals investigated induced a gradual decrease in the chlorophyll content (Fig  1) . The result agreed with the findings reported by Monni et al., (2001) that the total chlorophyll in the leaves of Empetrum nigrum (crowberry) growing close to Cu and Ni smelter decreased significantly. Many deleterious environmental influences that inhibit plant growth, ranging from nutrient deficiencies to anthropogenic pollution, can result in decreased leaf chlorophyll contents (Hendry et al., 1987, Carter and Spiering, 2002 (Figure 2 ). The decrease in the total starch contents could be as result of the direct consequence of chlorotic leaves, interference with the photosystems and inhibition of the Calvin cycle enzymes (Clijsters et. al., 1999) .Results regarding the foliar proline show significant changes resulting from treatment of heavy metals. The changes depending on the metal, their various concentrations and the duration of treatments are shown as a percentage of the control (Table 1) . Eichhornia crassipes exposed to low concentrations of metals for a short period had lower proline contents in their leaves compared to those treated with higher concentrations and a longer period. The differences between the means of the foliar proline contents were statistically significant (p≤0.05). For each metal, the proline content increased rapidly with increase in concentration and treatment duration. There was also a significant difference between means of foliar proline when different metals were compared at the same concentration. While 0.1mM Zn induced accumulation of foliar proline 17.99 %, 0.1 mM Hg induced foliar proline accumulation by 123.05 % (Table 1) . Increased foliar proline levels likely acts as an antioxidant in metal-stressed cells. Proline reduces metal-induced free radical damage and maintains a more reducing environment (higher gluthione levels) in the cell (Siripornadulsil, 2002 (Figure 3 ). The poor protein formation could be related to disruption of nitrogen metabolism in this plant by the high doses of these metals. Since nitrogen is one of the primary essential nutrients involved as a constituent of biomolecules such as nucleic acids, nitrogen bases, coenzymes and proteins, any deviation in these constituents would inhibit the growth and yield of plants (Sharma et al., 1995) . Overall, results from this study indicate the negative effects of trace elements on Eichhornia crassipes. Therefore, the increasing level of trace elements in our environment should be of serious concern in this part of the world both to the government and the general public. Also, the use of Eichhornia crassipes as a potential bioindicator of environmental quality especially when the leaves optical properties in the visible spectrum are considered is promising.
